Half of individuals with a whiplash injury experience ongoing pain and disability. Many are insufficiently active for good health, increasing their risk of preventable morbidity and mortality, and compounding the effects of the whiplash injury. This paper describes a protocol for evaluating the efficacy of a physical activity promotion intervention in adults with whiplash associated disorders. A multiple-baseline, single case experimental design will be used to evaluate the effects of a physical activity (PA) intervention that includes evidence-based behaviour change activities and relapse prevention strategies for six adults with chronic whiplash. A structured visual analysis supplemented with statistical analysis will be used to analyse: accelerometer-measured PA, confidence completing PA in the presence of neck pain, and pain interference.
Background
Whiplash associated disorders (WAD) is a term used to describe a syndrome of symptoms, including neck pain and disability that may result from an acceleration/deceleration injury of the neck following a motor vehicle crash (MVC). WAD are the most common non-hospitalised injuries resulting from a MVC, accounting for approximately 75% of all survivable MVC injuries [4] . The consequent pain and disability experienced incurs substantial socioeconomic costs; for example, these costs exceeded $350 million in Queensland, Australia from 2011 to 2012 [5] . Research evidence consistently reports that only 50% of individuals with WAD experience full recovery; approximately 25% continue to experience persistent moderate/severe pain and disability; and 25% have milder levels of pain and disability [6, 7] , with the moderate/severe disability group incurring the majority of the associated costs.
Emerging evidence has shown that individuals with chronic WAD may have lower levels of aerobic capacity and isometric strength compared with age-matched individuals with no neck pain [8] , and higher levels of self-reported pain and disability when compared to individuals with non-traumatic neck pain [9] . It is not known if this reduced physical fitness is associated with an increased risk of on-going pain and disability. Previous research has shown that compared with healthy individuals, individuals with chronic non-traumatic neck pain have lower levels of leisure-time PA, with reduced PA associated with heightened risk of on-going neck pain [10, 11] . It may be that individuals with chronic WAD are insufficiently active for good health, increasing their risk of preventable morbidity and mortality, and compounding the effects of the WAD.
To date, interventions for individuals with WAD have been based on a deficit model focussed on impairment or remediation in a rehabilitation setting with the aim of improving pain and disability, however the results of these trials are equivocal and identifying the optimal treatment for these individuals continues to be a challenge [12] [13] [14] . Previous interventions have not addressed the need for promoting sustained PA participation to improve physical and psychological health [13, 15] .
Moreover, many intervention trials used a group-level design and analysis which has limited the ability to characterise individual effects in heterogeneous samples [13, 16, 17] . To our knowledge, no study has evaluated the effects of an intervention specifically focussed on increasing habitual PA in individuals with chronic WAD using a single-subject experimental design. Due to heterogeneous nature of the WAD population, the use of a single-case experimental design is advantageous as it allows for the analysis of the intervention effect at an individual level and ensures that average effects that would be generated by a randomised controlled trial do not mask a heterogeneous response.
A treatment approach that has previously been shown to effectively increase PA adoption in other populations is the Adapted Physical Activity Program (APAP) [18, 19] . This paper presents a protocol to evaluate the impact of participation in APAP on target behaviours comprising: accelerometer-measured PA participation; perceived confidence in participating in PA in the presence of neck disability and pain; and pain interference. Measures associated with the adoption and maintenance of PA and factors associated with on-going pain and disability in WAD will be evaluated to determine the generalised impact of the intervention. Acceptability of the intervention program will be evaluated using a semi-structured interview.
Methods

Study design
The efficacy of the intervention will be evaluated using a single-case experimental design, specifically a concurrent multiple-baseline design across participants with replication (A-B þ maintenance), where A is the baseline, B is the intervention period and maintenance is the follow up period [20] .
The study will be conducted and reported as per the Single Case Reporting Guidelines In BEhavioural Interventions (SCRIBE) 2016 Statement [21] . A minimum of three participants, and at least five data collection points within each phase, is recommended to meet design standards [22] .
Participants
Six participants who meet the following inclusion criteria will be recruited for this study: aged 18-60 years; grade II whiplash of at least 3 months duration; living in a community setting in the Brisbane, Gold Coast or Northern New South Wales region; a Neck Disability Index Scale score >30% [23] ; deemed medically safe to participate in moderate to vigorous intensity PA as per Exercise and Sports Science Australia's Adult Pre-Exercise Screening System [24] and the American College of Sports Medicine Guidelines [25] ; currently not enrolled in structured sport or training for physical fitness; and not completing 30 min of moderate PA on 5 or more days per week. Exclusion criteria for the study will be: known or suspected serious spinal pathology; nerve root compromise; confirmed fracture or dislocation at time of injury; or spinal surgery in the past 12 months.
Individuals with chronic WAD who have previously contacted Recover Injury Research Centre, Brisbane, and expressed interest in participating in experimental studies will be contacted by a Research Assistant (RA) and screened for eligibility for the study. Individuals who are eligible and interested will be provided with information regarding the study and invited to participate. Following an opportunity for questions, individuals will be asked to provide written, informed consent.
Procedure
The six participants will be recruited in two samples of three participants (Study 1 initial evaluation; and Study 2 direct replication), represented schematically in Fig. 1 . Each sample will comprise three participants who receive the same 16-week intervention (B) and 5-week follow up (maintenance), but have different lengths of the baseline period (A). The participants will be randomly allocated to one of the two samples, then subsequently randomly allocated to a baseline of either 5, 8 or 11 weeks. All participants will begin the baseline phase during the same week. Concurrent enrolment will minimize environmental influences and enhance internal validity [20] .
Experimental control is demonstrated by using the staggered multiple-baseline design across the participants, which controls for threats to internal validity (e.g., history, maturation) [20] . The added feature of randomisation strengthens the scientific rigor of the study [26] . The design also allows for three demonstrations of the experimental effect (i.e., increased PA following the introduction of the intervention, but not before), and replication in a second sample of participants [20] . Replication of the experimental design allows for improved clarity regarding the demonstration of intervention effect [27] .
During the baseline data collection period (A) participants will be encouraged to undertake their usual behaviour. Target behaviour measures will be collected weekly during the baseline phase. Individual variability is addressed by repeated measurement of the target behaviour, and specifically, five data collection points within each phase is recommended to effectively evaluate a SCED intervention [22] .
The 16-week intervention period (B) comprises 12 one-hour intervention sessions (described below). An Accredited Exercise Physiologist (AEP) with experience in exercise prescription for individuals with a disability and behaviour change strategies associated with increasing PA will deliver the intervention. During the intervention period, the target behaviour measures will be collected fortnightly.
The intervention phase will be followed by a 5-week follow up phase where participants will have no contact with the AEP and target behaviour measures will be collected weekly. The maintenance component allows the target behaviour to be monitored after the completion of the intervention, with the expectation that the target behaviour will not revert to baseline levels after the intervention completion [28] .
Generalisation measures will be collected at 4 sampling points throughout the study duration: 1) at the commencement of the baseline data collection period; 2) at the finish of the baseline data collection period (which coincides with the intervention start point); 3) at the end of the intervention period (which coincides with the commencement of the maintenance period); and 4) at the end of the maintenance period.
Ethical approval for this study was received from Griffith Uni- 
Intervention
APAP is a theory-based PA promotion intervention for people with chronic and complex conditions delivered in the participant's home and community [18, 19] . APAP is comprised of four steps described below and presented schematically in Fig. 2 . A detailed description of the program, including the theoretical framework and a worked case study has been published elsewhere [18] .
All participants receive the four program steps during 12 sessions conducted over a 16-week period. Each session is approximately 1 h in duration and the inter-session time varies depending on the needs of the individual. Typically more sessions are completed in the first 6 weeks as discussions regarding values and motivations relating to PA participation evolve, community access is arranged, skills relating to PA participation are learned and habits for increased participation established. Session frequency diminishes as a greater emphasis is placed on fostering independence and self-management of PA. An example of a home visit schedule for 12 home visits over 16 weeks that would promote the adoption of physical activity participation and the evaluation of the maintenance of the activity undertaken would be: twice-weekly sessions for weeks 1-2; weekly sessions during weeks 3-6; and once every two to four weeks for weeks 7-16. The gradual increase in time between face to face sessions permits the practitioner to evaluate the likelihood of physical activity maintenance and the identification of potential barriers with the aim of providing tailored strategies as solutions to these barriers, prior to the intervention concluding.
Step 1 involves a comprehensive preparticipation assessment undertaken to determine key factors that would impede or enhance PA adoption and maintenance for the individual participant. Factors specific to WAD include: mechanism and injury history; previous treatment received; primary effects of the injury; activities that aggravate current injury symptoms; pain levels and pain management strategies; and medication use.
Step 2 entails the application of evidence based strategies for the promotion of PA participation tailored to the participant's motivational readiness. The included strategies specifically target factors related to increased PA participation including: knowledge about the behaviour; value of the behaviour; perceived costs and benefits of the behaviour; barriers to change; and beliefs regarding the individual's ability to perform the behaviour [29] . In addition to the participant's motivational readiness, selection of an appropriate strategy is dependent on the participant's intended goals or activities of interest, the results of their preparticipation assessment and the outcomes from the previous session.
Step 3 involves participants self-selecting and undertaking an individually tailored combination of structured exercise (Step 3a) and/or lifestyle PA (Step 3b) dependant on earlier discussions (Step 2). The focus of Step 3a is to implement a safe, effective and enjoyable exercise program for the individual tailored to the individual's current fitness and physical functioning, health goals, and the outcomes of the pre-participation screening. Program development focuses on movements and activities that the participant can complete safely and confidently, with the inclusion of education regarding the maintenance and progression of the exercise program post completion of the program.
Lifestyle PA prescription (Step 3b) includes the promotion of PA achieved through participation in leisure, occupational, household or sport related activities. The process of sourcing and evaluating suitable and sustainable options for lifestyle PA participation is achieved through collaboration with the participant and the AEP, with a focus on developing the skills required for the participant to complete these tasks independently beyond the program duration.
Step 4 entails the delivery of individually tailored relapse prevention strategies designed to help participants identify potential situations in which their PA routine may be disrupted or stopped (e.g., illness, injury or pain, reduction in social support, weather changes) and to formulate appropriate strategies to restart or continue with their PA program [30] .
The features of APAP are well situated to help promote PA and positive health outcomes in adults with WAD. The focus of the intervention is to promote intrinsically enjoyable activity that has a demonstrated influence on the risk of chronic disease. Additionally, the intervention described may also have the secondary benefits of improving symptoms of chronic WAD including pain, and psychological measures.
Step 3a relates to active exercise that can involve functional Participants will be randomly allocated to one of two samples of three participants. Within each sample participants will be randomly allocated to either a 5, 8 or 11 week baseline data collection period (A). The baseline phase will be followed by a 16-week intervention period (B); comprised of 12 1 h sessions with an Accredited Exercise Physiologist completed in their home and community environment. The intervention phase will be followed by a 5-week follow up phase (maintenance) where participants will have no contact with the intervention personnel.
exercises (stretching and isometric), range of motion exercises and general strengthening exercises which have been determined to be an important component of rehabilitation for patients with WAD [31] . The exercise program incorporates pacing of activity participation including a slow progression of the duration and intensity of activity with a focus on increasing general physical fitness and reducing fear of movement [32] .
Step 3b promotes the adoption and maintenance of normal recreational and occupational activities with a focus on improving function and community integration. Tailoring of APAP will be undertaken to include strategies known to be associated with increased PA participation and effective self-management in adults with WAD including setting specific, realistic and relevant goals, the use of positive encouragement, promotion of positive attitudes and beliefs and barrier identification and resolution [31, 33, 34] . Step 2). Based on the discussions undertaken during Step 2, individuals participate in two main types of physical activity: structured exercise (Step 3a); and/or lifestyle physical activity (Step 3b). Participants will also receive tailored relapse prevention strategies in order to promote the sustainability of the program outcomes (Step 4). Adapted from: Clanchy (2018) [1] [2] [3] .
Training of the AEP will be provided by two of the investigators (KC and ST). Four 3-hour training sessions will be undertaken comprising presentations of the intervention protocols, case studies and role play. Supervision of the intervention delivery will be conducted through regular meetings between the AEP and research staff. Intervention fidelity will be evaluated through a review of the activities undertaken during individual intervention sessions to ensure that the activities completed are consistent with the intervention protocol.
Measures
Outcome measures will be collected through three means: objectively through the use of a PA monitor; self-reported through the use of online surveys; and a face-to-face semi-structured interview. Compliance with the PA monitor will be monitored by the AEP during the intervention period and a research assistant, independent to the intervention delivery, during the baseline and maintenance periods. Compliance to the self-report measures will be monitored by an investigator external to the study. The influence of bias is reduced through collecting both the target behaviours and generalisation measures via machine or computerised methods [28] . The semi-structured interview will be conducted by a researcher external to the delivery of the intervention to gain an in-depth understanding of the participant's experience with the intervention.
Target behaviours
The three target behaviours are: PA participation; confidence for completing daily tasks in the presence of neck pain and disability; and pain interference relating to participation in day to day tasks and home and social activities. The primary outcome is physical activity participation and the secondary outcomes related to increased physical activity participation are confidence for completing daily tasks in the presence of neck pain and disability; and pain interference relating to participation in day to day tasks and home and social activities.
Habitual PA will be measured using the ActiGraph GT9X Link wrist worn accelerometer (ActiGraph, USA). The ActiGraph is a triaxial accelerometer that measures vertical acceleration 25 times each second, and these data are integrated over a user defined period, or epoch, to give a number of "counts." The monitor will be programmed to display the time and date only to the participant. An epoch of 1 min will be used in this study.
A custom, single-item question to assess confidence for completing daily tasks will be assessed at the start of each ActiGraph monitoring period. This question will ask participants to identify "how confident are you in your ability to perform your daily tasks in the presence of your neck pain or disability?" with 1 indicating not all confident; 2 -slightly confident; 3 -moderately confident; 4 -very confident; and 5 -extremely confident.
To assess pain interference relating to participation in day to day tasks, and home and social activities, participants will complete 3 questions from the PROMIS -Pain Interference Scale [35, 36] : In the past seven days, how much did pain interfere with your a) day to day activities, b) work around the home, and c) ability to participate in social activities. Responses are made on a 5 point Likert-type scale with 1 indicating not at all, 2 -a little bit, 3 -somewhat, 4 -quite a bit and 5 -very much.
Generalisation measures
Generalisation measures are dependent variables that are measured in addition to the target behaviours to evaluate whether the effects of the intervention generalises to other settings, behaviours or outcomes of interest proximal to the target behaviours. Generalisation measures are proposed to strengthen the external validity of the research outcomes [28] .
Generalisation measures will assess changes in measures associated with the adoption and maintenance of PA. Stage of Change or motivational readiness will be assessed using Marcus' (1992) Stage of Change Questionnaire [37] . This measure aims to quantify motivational readiness for change and current engagement in PA participation. Evidence indicates significant differences in PA participation across stages of change [38] . Social support for PA participation will be measured using the 13-item scale developed by Sallis et al. (1987) . The measure has demonstrated acceptable levels of reliability, internal consistency and concurrent criterion validity with self-reported PA participation [39] . Decisional balance for PA participation will be measured using the 16-item scale developed by Marcus et al. (1992a) which included 6 items representing the avoidance of exercise (cons) and 10 items representing the positive perceptions of exercise (pros). Analysis of variance indicates that total decisional balance, the pro items and con items are significantly associated with stage of change [40] .
Generalisation measures will also assess changes in several factors shown to be associated with on-going pain and disability in WAD. Neck disability will be assessed using the Neck Disability Index, a valid, reliable and responsive measure of neck pain related disability [23] . The questionnaire has 10 items concerning pain and activities of daily living including personal care, lifting, reading, headaches, concentration, work status, driving, sleeping and recreation. Perceived health related quality of life will be assessed using The Medical Outcomes Survey Short Form (SF-12) measure. The SF-12 contains 12 questions relating to physical functioning and mental health. The SF-12 has demonstrated evidence of validity and reliability for use in individuals with chronic disease [41, 42] . A Numeric Pain Rating Scale will be used to assess neck pain [43] . Evidence indicates that Numeric Pain Rating Scales have a sufficient level of discriminative validity to differentiate pain intensity in chronic pain patients [44] . The Pain Catastrophizing Scale (PCS) will be used to assess catastrophizing thoughts associated with pain [45] . The PCS has been shown to have adequate internal consistency [46] . The Pain Self-Efficacy Questionnaire (PSEQ) will be used to assess an individual's confidence to perform specific tasks in the presence of pain. The PSEQ has been shown to have excellent internal consistency, a high test-retest reliability [47] and strong correlations with measures relating to pain related disability, coping strategies, and activity-specific measure of self-efficacy beliefs [48] . Avoidance of PA participation will be assessed using the Avoidance Subscale of the Negative Responsivity to Pain measure [49] . The Negative Responsivity to Pain Measure has been shown to have excellent internal consistency and adequate test-retest reliability [49] . The Depression, Anxiety and Stress Scale Short Version (DASS-21) will be used to assess symptoms of three negative emotional states: depression, anxiety and stress [50] . The DASS-21 subscales have been demonstrated to have acceptable levels of validity and reliability [51] . The Impact of Event Scale-Revised (IES-R) is a 22-item survey developed to assess an individuals' subjective distress to a specific traumatic event [52] . The IES-R has been demonstrated to have adequate internal consistency and concurrent and discriminative validity [53] .
Semi-structured interview
At the conclusion of the intervention, participants will be asked to participate in a semi-structured interview regarding their perceptions of the intervention's efficacy and acceptability. Interview questions will relate to: participant expectations; positive and negative experiences; PA, health and lifestyle outcomes associated with their participation in APAP; and the broad benefits of the intervention for individuals with WAD.
Data analysis
Data for each participant across each target behaviour will be graphed and analysed separately using a structured visual analysis supplemented with statistical analysis. Data will be screened for serial dependency using the recommended delta-recursive estimator [54] , and if present, the statistical significance of the autocorrelation will be tested using the formula recommended by Huitema and colleagues [55] . Visual analysis is used to determine whether a functional relationship exists between the introduction of an intervention and a change in the target behaviours. Furthermore, evaluation of the structured visual analyses across participants helps to determine whether these changes are reliably and consistently replicated across multiple participants [20, 56] . Visual analysis examines the data within each phase of the study to assess the within-phase pattern; and compares the data from each phase with data in the adjacent phase to assess potential changes in the target behaviours resulting from the introduction of the intervention [22] . Visual analysis is an accepted method for SCED analysis, with the assumption that only clear and potent intervention effects produce dramatic, replicable changes in behaviour that can be easily identified in a well-designed graphic display [56] . Following the recommendation of Kratochwill et al. [22] within-phase data patterns are evaluated using four features: 1) level; 2) trend; 3) variability; and 4) immediacy of effect. The between-phase patterns will be evaluated through evaluation of the data overlap between phases and review of the consistency of data patterns across similar phases in different participants. The results of these analytic processes will be assessed individually to determine whether any change in each outcome measure can be attributed to participation in the intervention program.
Level is the discontinuity or shift of performance from the end of one phase to the beginning of the next phase (e.g., change in the target behaviours between the baseline phase and the intervention phase) [20] . Due to the potential latency of the intervention effect in this study, the median values for the target behaviours in each phase will be used to determine changes in level [56] .
Trend is the tendency of data to show a systematic increase or decrease over time within-and between-each phase, indicated by the slope of the best-fitting straight line for the target behaviour within a phase. A split-middle approach will be applied to estimate trend direction within each phase using the median values for the target outcomes, and regression coefficients will be calculated using ordinary least squares estimation to evaluate trend [20, 56] . The split-middle approach is recommended as it does not rely upon independence of the data, being robust to the effects of serial dependency or autocorrelation of the data [56] .
Variability refers to the range, variance or standard deviation of the data points around the best-fitting line. Excessive variability or scatter in the data is expected to reduce the strength of the inferences that can be made regarding the intervention effect. The variability of the data in each phase will be calculated and compared to subsequent phases. Considerable overlap in the variability (e.g., range) between phases will be noted as a potential confounder of the intervention effect [22] . A principle requirement for demonstrating the intervention effect, is the change in the target behaviours after the introduction of the intervention, not before, therefore a stable baseline phase is required [20] . The variability within the baseline values for the target behaviours will be evaluated by applying a stability criterion of 80% of the data points being within �25% of the median value for the phase [56] .
Immediacy of effect is the period of time between the change in phase and the subsequent change in the target behaviours (e.g., the time between completion of the baseline phase and the subsequent changes in target behaviours after the intervention begins). It is proposed that the closer the change in the target behaviours occurs after the start of the intervention, the clearer the intervention effect [20] . However, as this intervention aims to promote increased PA participation in individuals who are predominately sedentary, a latency of change is expected as the motivation and values that determine the change in behaviour are established. Consequently, the immediacy of effect will be noted, however it will not be used as a key factor to determine intervention efficacy [20] .
Overlap is the proportion of data from one phase that overlaps with data from the previous phase [57] . The percentage of non-overlapping data will be determined, with a higher percentage of non-overlapping data indicates a larger intervention effect [56] . Tau-U will be used to determine the overlap of data points between baseline and intervention phases [58] . Tau-U is a non-parametric statistical method that combines non-overlap between phases with trends from within phases including corrections for possible trends during the baseline phase or during the intervention phase [59, 60] . This technique provides a result for each individual tier of the multiple-baseline design, as well as a weighted average across the tiers as an estimate of the intervention effect. This statistical technique will also be applied separately to the second sample. Tau U is derived from Kendall's Rank Correlation (Tau) and the Mann-Whitney U test, and provides an intervention effect size (ES) and a weighted average for the three tiers [27, [58] [59] [60] .
Consistency is defined as the extent to which data patterns are the same across phases within the same condition and the replication of the demonstration of intervention effect between participants [61] . A higher consistency in the data patterns is associated with a greater likelihood that the changes in the target behaviour can be attributed to the introduction of the intervention [22] . The CONsistency of Data Patterns (CONDAP) approach will be applied in order to assess consistency in the data across the AB phase with the same condition (e.g., consistency in baseline data between participants). The CONsistency of the EFFects (CONEFF) approach will be applied in order to assess the consistency of data patterns for level, trend, variability, overlap and immediacy of effect when changing from the baseline to experimental phase (i.e., AB sequence in each tier) [61] . Data that present minimal variability within phases and show consistent patterns in means, levels or trends that are replicated across subjects are proposed to demonstrate intervention efficacy [20] .
Generalisation measures will be evaluated using the Reliable Change Index (RCI) [62] .
All post-intervention, semi-structured interviews will be audio-taped and transcribed verbatim. Thematic analysis will be used to explore the responses to the open-ended interview questions. NVivo data analysis software will be used to manage the qualitative data and two researchers will be involved in the process of open selective coding to create themes for further inquiry. Responses from participants will be coded broadly in the first instance to provide an overview of the response, with a secondary hierarchal analysis applied to ascertain key themes. Differences of opinions relating to the deconstruction, interpretation and reconstruction of data will be resolved through discussion and consensus with all researchers [63] .
The combination of the above analyses will be used to determine the intervention efficacy.
Discussion
This paper describes a study protocol for the evaluation of a community-based, individually-tailored intervention for the promotion of PA participation in adults with chronic WAD using a SCED. WAD are the most common non-hospitalised injury resulting from a motor vehicle crash, with approximately 50% of whiplash injured individuals experiencing some level of on-going pain and disability. In addition to pain and disability, individuals with chronic WAD are frequently insufficiently active for good health, increasing their risk of preventable morbidity and mortality, and compounding the effects of the WAD. To date, studies evaluating interventions for this population have used group-level design and analysis, and findings have been equivocal.
The study protocol described in this paper will evaluate an intervention with two novel features. Firstly, to our knowledge, no study has evaluated the effects of an intervention specifically focused on increasing habitual PA in individuals with chronic WAD. Previous interventions have been clinic based and focused on remediation, rather than focused on promotion of intrinsically enjoyable PA that has a demonstrated influence on the risk of chronic disease. The Adapted Physical Activity Program combines evidence-based behaviour change activities, individualized exercise and lifestyle physical activity prescription and relapse prevention strategies with principles of community-based rehabilitation, and has been shown to be effective in promoting PA adoption in adults with brain impairment [19] . Secondly, SCED enables individual level analysis that is not possible with typical group level designs, including identification of characteristics of responders and non-responders. An increased emphasis on evidence-based practice, requires research models that allow for the assessment of individual change and the alteration of interventions to produce clinically-significant changes. SCED studies allow for the evaluation of participants performance session to session, and the adaption and modification of a program based on individual participants responses [56] . SCED is advantageous for the development of interventions in applied settings with heterogeneous populations, such as WAD. Our hypothesis is that the intervention will not only increase participation in health enhancing physical activity, but through that engagement, patients will gain increased confidence to engage in activity in the presence of neck pain, thereby reducing pain-related disability.
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